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differentiated endocrine cells clustered within, or in close
proximity to, enlarged ductal structures. Conversely, the majority
of transgenic Gata4-Engrailed embryos do not have a pancreatic
phenotype. This study suggests that Gata4 plays a minimal role in
pancreas development whereas Gata6 is an important regulator of
pancreas specification. These studies are the first to demonstrate
the importance of Gata6 function in the vertebrate pancreas and
provide the foundation for ongoing conditional knockout studies
of Gata4 and Gata6 in the pancreas and islet.
doi:10.1016/j.ydbio.2006.04.400
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Ngn3 expression in adult pancreas labels a set of precursors
that replenish islet mass and function
Aizhen Zhao, Guoqiang Gu
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The vertebrate endocrine islets contain four major cell types
that produce four hormones-insulin, glucagon, and somatostat-
in and pancreatic polypeptide. Although several signaling
pathways and transcriptional networks have been shown to
direct islet development during embryogenesis, little is known
about the mechanism for islet maintenance, and it is highly
contentious on where the adult islet cells are derived during
regeneration. While it is accepted preexisting islet cells
proliferate during neonatal stage to account for islet growth,
it is not agreed on how islet cells are regenerated in case of
pancreatic injury or diabetes. We approached this problem by
directly testing whether genes that marked endocrine progeni-
tors in embryonic stage are reactivated during islet regeneration
and whether they are functionally required for islet mass
maintenance. Using a hypomorphic Ngn3 allele and an Ngn3-
Cre-ER knock-in lineage-marking line, we have demonstrated
that Ngn3 expression is maintained in adult pancreas, and its
expression is enhanced under regenerative conditions. Further-
more, we showed that lack of Ngn3 function in adult pancreas
significantly compromises the endocrine function. Finally, we
showed that the pancreatic cells that express Ngn3 in adults
only contribute to the islet mass. These data suggest that a set
of endocrine islet precursors might be present in adult pancreas




Tissue-specific requirements for BMP signaling during
thymus and parathyroid morphogenesis
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The thymus and parathyroids originate from the third
pharyngeal pouches that form as endodermal outpocketings
on embryonic day 9 (E9.0) of mouse development. We have
previously shown that Foxn1 and Gcm2 define the thymus and
parathyroid domains within the primordium prior to organ
formation. We recently reported that Bmp4 expression is
confined to the thymus domain of the third pouch from E10.5,
while its antagonist Noggin is expressed in a non-overlapping
domain within the parathyroid region. Here, we have used a
series of conditional gene knockouts to delete Bmp4 or
BmpR1A from the pharyngeal endoderm and/or the surround-
ing mesenchyme using Foxg1Cre and Wnt1Cre. Deletion of
Bmp4 from the endoderm and mesenchyme prior to the onset
of Foxn1 expression did not affect patterning of the primor-
dium or initial organ differentiation, but did result in significant
morphological defects. These included failure or delay of
thymus-parathyroid organ separation and migration, and
disruption of the mesenchyme-derived thymus capsule. This
suggests a common BMP-mediated mechanism may be
responsible for both capsule formation and separation of the
parathyroid and thymus. Deletion of Bmp4 from neural crest
cells did not affect early thymus and parathyroid organogen-
esis, suggesting a requirement for reciprocal BMP-mediated
signals between the pharyngeal endoderm and mesenchyme.
Deletion of Bmp4 after the onset of Foxn1 expression did not
exhibit the same phenotype, providing evidence for temporal
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The anterior and intermediate lobes of the pituitary gland are
formed from the invagination and subsequent expansion of
cells from Rathke’s pouch. Signals from the FGF, BMP and
WNT pathways emanating from the ventral diencephalon
regulate the growth and specification of a region of the oral
ectoderm that invaginates to form Rathke’s pouch. Canonical
WNT signaling regulates the action of TCF4, which is
expressed in the lower domain of the ventral diencephalon
early in development. In the absence of Tcf4, the anterior
pituitary gland is 2 to 3 fold the normal size at birth, suggesting
that WNT signaling and TCF4 are negative regulators of
pituitary growth. The onset of the pituitary gland phenotype in
Tcf4/ mice coincides with the initial invagination of
Rathke’s pouch. The boundary of Fgf10 and BMP4 expression
in the upper domain of the ventral diencephalon is expanded
rostrally and results in the specification of a larger region of
oral ectoderm to invaginate and form Rathke’s pouch. The
expanded FGF and BMP signals result in an extension of the
Six6 expression domain within Rathke’s pouch and an increase
in the number of proliferating Rathke’s pouch cells, consistent
with the idea that the transcription factor, Six6, is necessary for
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normal pituitary growth. These results emphasize the impor-
tance of proper patterning in the ventral diencephalon and the
interaction of different signaling pathways within the ventral
diencephalon to control the development of Rathke’s and
subsequent pituitary gland organogenesis.
doi:10.1016/j.ydbio.2006.04.403
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Wnt genes affect patterning of the ventral diencephalon
and pituitary gland growth
Mary A. Potok 1, Kelly B. Cha 1, Andrea Hunt 1,
Michelle L. Brinkmeier 1, Andreas Kispert 2, Sally A. Camper 1
1 Univ. of Michigan, Ann Arbor, MI, USA
2 Institut fur Humangenetik, Gottingen, Germany
The anterior and intermediate lobes of the pituitary gland
arise from Rathke’s pouch, a primitive structure resulting from
an invagination of the oral ectoderm. Pouch development in
mice is governed by regulation of signaling molecules and
transcription factor expression patterns. Adjacent to the
pituitary gland, the ventral diencephalon is an important source
of signaling molecules such as BMPs, FGFs and Wnts, which
are responsible for Rathke’s pouch induction, proliferation of
precursor cells, and regulation of pituitary size and shape. We
report patterning defects in the ventral diencephalon in mice
deficient in Wnt5a, resulting in expanded domains of Fgf10
and Bmp4 expression. Wnt4 mutants have a minor delay in
caudo-medial cell specification and mild reduced growth, but
there is no evidence for overlapping function with Wnt5a in the
pituitary.Wnt6 is expressed in oral ectoderm but is not essential
for pituitary development. We surveyed Wnt expression in
pituitary tissue at various times by RT-PCR. Numerous Wnts,
Frizzled receptors, and downstream Wnt pathway members
were identified. Their patterns of expression in the pituitary and
ventral diencephalon were determined by in situ. The patterns
of Wnt11 and Wnt16 expression are suggestive of roles in the
early interaction of signaling pathways that help to pattern the
pituitary gland. These findings support the emerging model
that Wnt signaling affects the pituitary gland via the
infundibulum or by other signaling pathways, and suggests
individual Wnt genes are worthy of functional studies.
doi:10.1016/j.ydbio.2006.04.404
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EGF and BMP inhibition of fungiform papilla formation in
embryonic tongue
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Fungiform papillae are specialized taste organs that develop in
a pattern on embryonic tongue. To understand roles of epidermal
growth factor (EGF) and bone morphogenetic protein (BMP)
pathways in differentiation of papilla and inter-papilla epithe-
lium, we use embryonic rat tongue organ cultures that sustain
papilla development in a patterned array. Whereas EGF is
immunolocalized throughout papilla and inter-papilla epithelium,
the EGF receptor (EGFR) is only within inter-papilla epithelium.
In contrast, BMPs and the BMP antagonist noggin both are
within papillae. In tongue cultures begun at embryonic day E14,
exogenous EGF or BMP2, 4 or 7 results in decreased numbers of
fungiform papillae, each with a concentration-dependent effect.
Interfering with EGF or BMP signaling by a specific EGFR
inhibitor, Compound 56, or the BMP antagonist, noggin, leads to
increased papilla numbers and fusion of papillae, clearly altering
inter-papilla tissues. Cell proliferation, assessed with Ki67
immunoreactions, is increased in inter-papilla epithelium with
exogenous EGF, but reduced within lingual tissue in the vicinity
of BMP-soaked beads. We have direct evidence that PI3K/Akt,
MEK/ERK and p38 MAPK signals mediate the EGF effect on
papilla patterning. However preliminary data do not support roles
for all of these components in BMP effects on papilla formation.
Whereas both EGF and BMPs are important in fungiform papilla
patterning, very different cellular and signaling mechanisms
apparently act to bias the inter-papilla epithelium away from
papilla differentiation. Supported by NIH Grants NIDCD




Zebrafish lateral line neuromasts respond to chemical
stimulation: Activation can be optically imaged in the
embryo
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The zebrafish lateral line is a mechanosensory system
responsible for detecting motion of water and helps in behavioral
responses including predator avoidance, prey detection and
courtship. Here, we present evidence based on c-fos expression
that neuromasts of the lateral line system can also act as
chemosensors and respond to specific classes of pharmacological
agents. Our analysis using an array of chemostimulants suggests
the presence of specific receptor channels in the neuromasts. To
look at the function of the lateral line response in live embryos at
the system level, we are developing a new method for optical
imaging. Zebrafish, due to its simple and well characterized
nervous system and optical transparency, has become increas-
ingly popular for genetic investigations of the structure and
function of neuronal circuits. We present data from our attempts
to look at structure-function relations in the lateral line system
using Fluorescence Resonance Energy Transfer(FRET) signal
from the genetically encoded indicator, cameleon, providing
evidence that lateral line activity can be optically imaged in the
live zebrafish. We caution that stimulus dependent movement
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